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i57i A semiconductor laser having a plurality of 
heterostpjcture layers (22,24,26,28) including at 
least one active layer for production and ampli- 
fication of coherent radiation includes an inte- 
grated amplifier (10'). The amplrfier includes a 
contact set and a mask layer (40) to shape a 
lateral gain profile, through control of injected 
carriers, in the active region of the amplrfier. 
The shaped lateral gain profile matches the 
amplitude maxima and minima of a fundamen- 
tal mode of the semiconductor laser, which 
reduces modal distortion and improves effi- 
ciency. The contact of the integrated amplifier 
is also shaped to match the width of an expand- 
ing beam from the laser into and through the 
amplifier. Various lenses integrated into an out 
let of the amplifier can effect collimation or 
magnification/focussing. In one embodiment, 
the integrated lens includes a separately ad 
dressable and controllable contact to control 
the focal length of the integrated lens dynami- 
cally, to permit spot size modulation and 
dynamic correction of focussing errors. 
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This invention relates to semiconductor lasers 
and more specifically to an integration of a diode laser 
with a traveling-wave semiconductor optical amplifi- 
er, wherein the amplifier has a gain profile spatially 
shaped to improve output beam control and incorpor- 
ates an integrated lens. 

Conventional semiconductor lasers emit coher- 
ent radiation having particularized transverse electnc 
(TE) modal characteristics. For many applications, 
the emitted coherent radiation is unsatisfactory be- 
cause it does not offer sufficient power to meet mini- 
mum requirements. Typically, a mode designated as 
TE 00 provides greatest power and has other desir- 
able attributes, therefore operation of semiconductor 
lasers to emit radiation having this fundamental mode 
is desirable. Increasing the power output of a semi- 
conductor laser by more energetic pumping often re- 
sults in an addition of unwanted higher order modes 
to the output beam of the laser. These unwanted 
modes limit the effectiveness of increasing output 
power in this fashion. 

In response to a desire for greater power in the 
fundamental mode, semiconductor laser designers 
provide amplifiers coupled to the semiconductor laser 
outlet which boost the effective power output from 
the semiconductor laser. These amplifiers, while ef- 
fectively boosting output power, are not optimally ef- 
ficient because of coupling losses. These amplifiers 
can also distort the fundamental mode output from 
the laser if any modal mismatch exists at the entrance 
to, or in the gain of, the amplifier section. Contributing 
to a difficulty of providing suitable amplifiers is a sev- 
erity of the divergence of the laser beam. 

The present invention provides a method and ap- 
paratus for improving beam control in an integrated 
semiconductor laser and power amplifier. Integration 
of the amplifier with the semiconductor laser im- 
proves efficiency of the amplifier section. Particular 
shaping of the amplifier section, especially a contact 
of the amplifier section, and a spatial tailoring of the 
gain profile of the amplifier section, provide improved 
power performance and decreased levels of output 
beam modal distortion. Integration of a lens at an out- 
let of the amplifier section provides an ability to colli- 
mate or focus an output beam and in one embodi- 
ment, the integrated lens has a adjustable focal 
length. 

According to one aspect of the invention, there is 
provided a monolithic semiconductor structure divid- 
ed into a laser part and an amplifier part. The laser 
part and the amplifier part have a plurality of semi- 
conductor heterostructure layers disposed over a 
substrate. At least one layer of each part is an active 
region for light amplification and propagation under 
iasmg conditions to produce an electromagnetic wave 
having a particular mode characterized by spatially 
distributed amplitude maxima and minima. 

Two sets of contacts control operation of the in- 



tegrated laser and amplifier part. A first contact set, 
coupling a first and a second surface of the laser part, 
receives a first voltage and facilitates application of a 
first electrical forward bias to the layers of the laser 

5 part causing the laser part to emit an electromagnetic 
wave having a particular mode. A second contact set, 
coupling a first and a second surface of the amplifier 
part, receives a second voltage and facilitates applh 
cation of a second electrical forward bias to t he layers 

w of the amplifier part causing the active region of the 
amplifier part to produce a population inversion of a 
plurality of carriers which amplify the electromagnetic 
wave as it expands during propagation through the 
active region. In one preferred embodiment, the see- 
rs ond contact set is shaped to match a divergent beam 
of the coherent radiation emitted from the laser part. 

The preferred embodiment disposes a mask be- 
tween one contact of the second contact set and the 
active region of the amplifier part. The mask tailors a 

20 spatial gain profile of the active region of the amplifier 
part to provide a non-uniform spatial distribution of 
the plurality of carriers in the active region. The non- 
uniform spatial distribution of the plurality of carriers 
results in variable densities, with the shaping of spa- 

?5 tial distribution creating regions of highest densities 
corresponding to amplitude maxima of the particular 
mode of the electromagnetic wave. Lowest densities 
of the plurality of carriers correspond to amplitude 
minima of the particular desired mode of the electro- 

30 magnetic wave. 

Another aspect of the present invention includes 
a lens integrated at an outlet of theamplif ier part. The 
lens collimates the amplifier output by placing the out- 
put plane of the amplifier at a focal point of the lens. 

35 The lens will alternatively focus the beam to a mag- 
nified image of the laser outlet at a particular distance 
from the lens by appropriate shaping of the lens. 

An additional aspect of the present invention pro- 
vides an integrated lens part and amplifier part with 

40 separate contacts to the lens part. The additional con- 
tact controls the focal length of the lens. Electrical 
communication of different bias voltages controls a 
plurality of carriers injected into the lens part, which 
adjusts the index of refraction of the lens part. This 

45 adjustable index of refraction allows an image of the 
laser outlet, that is the amplifier inlet, to be focussed 
at an electronically controllable distance. 

The present invention offers advantages over ex- 
isting systems because of the provision of a varied 

so density of carriers within the amplifier part, with the 
carrier densities matching charactenstics of a partic- 
ular mode of a beam of laser radiation. With regions 
having densest carriers corresponding to mode max- 
ima, and regions having sparsest carriers, corre- 
sponding to mode minim.?, mode distortion is mini- 
mized and efficiency of the amplifier is increased. 
The integrated lens permits efficient collimatton or fo- 
cussing, while a electronically controllable focus 
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length for the lens permits dynamic correction of an 
image distance as well as modulation of the focal spot 
size. The dynamic correction and modulation would 
be useful in many printing applications. 

The present invention will now be descnbed by 
way of example with reference to the accompanying 
drawings in which: 

Fig. 1 is an enlarged view of a profile of a semi- 
conductor heterostructure 10; 
Fig. 2 is a top view of a preferred embodiment of 
the present invention illustrating an integrated 
semiconductor laser heterostructure 10 and an 
integrated semiconductor amplifier part 10'; 
Fig. 3A is an enlarged view of a profile of the in- 
tegrated semiconductor amplifier part 10' illus- 
trating a mask layer 40 interposed between a top 
contact 30' of the amplifier part and the cap layer 
28; 

Fig. 3B is a top view of one preferred embodiment 
for the mask layer 40 using a plurality of open 
dots of varying size and density to control the car- 
rier density in the active region 24 of the amplifier 
part; 

Fig. 3C is another preferred embodiment for a 
mask layer 40' of the present invention; 
Figs. 4A-4C are graphs illustrating particular phe- 
nomena relative to the active region 24 of the am- 
plifier part: specifically: 

Fig. 4A is a graph of a TE ao fundamental wave 
of the type emitted by the active region 24 of 
the heterostructure 10 showing amplitude 
versus spatial position at a particular cross- 
sectional area of the amplifier part 10' having 
an upper contact 30' with a width W,; 
Fig. 4B is a graph, corresponding to the graph 
of Fig. 4A, illustrating a concentration of car- 
riers in the active region 24 of the amplifier 
part 10' under the upper contact 30' versus 
spatial position for an amplifier part 10' with- 
out the mask layer 40 and 
Fig. 4C is a graph, corresponding to the graph 
of Fig. 4A, illustrating a concentration of car- 
riers in active region 24 of the amplifier part 
10' under the upper contact 30' versus a spa 
tial position for the amplifier part 10' having 
the mask layer 40, 
Fig. 5 is a top view of a preferred embodiment of 
the present invention illustrating an integrated 
semiconductor laser heterostructure 10 and an 
integrated semiconductor optical amplifier part 
10' with an output lens 50 integrated with the am- 
plifier part 10' for collimating an output beam; 
Fig. 6 is a top view of a preferred embodiment of 
the present invention illustrating an integrated 
semiconductor laser heterostructure 10 and an 
integrated semiconductor optical amplifier part 
1 0' with an output lens 50' integrated with the am- 
plifier part 10' for focussing an output beam and 



Fig. 7 is a top view of a preferred embodiment of 
the present invention illustrating an integrated 
semiconductor laser heterostructure 10 and an 
integrated semiconductor optical amplifier part 
5 1 0' having an output lens 60 provided with a sep- 

arate contact set for an electronically controllable 
focal length. 

Fig. 1 is an enlarged view of a profile of a semi- 
conductor heterostructure 10 including a plurality of 

10 epitaxially deposited layers 22-28 on a substrate 20. 
As one example of a semiconductor laser structure, 
the heterostructure 10 is fairly representative, but 
other laser semiconductor structures are possible. In 
the preferred embodiment, the heterostructure 10 in- 

15 eludes the substrate 20 made up of n-GaAs having 
consecutively deposited epitaxial metallorganic lay- 
ers 22-28. A chemical vapour deposition reactor 
forms the epitaxial layers, which include a first dad- 
ding layer 22, an active region 24, a second cladding 

20 layer 26, and a cap layer 28. A layer of n-Ga v ^AJyAs 
with y varying from 0.4 to 0.8, preferably equal to 
0.40, makes up the first cladding layer 22. A layer of 
any of GaAs, Ga v x Al x As, a single quantum well layer 
of GaAS, or a plurality of quantum well layers of alter- 

?5 nating layers of either GaAs and Ga v xAJxAs or Ga^ 
x Al x As and Ga<\ z AJ z As where y>z>x makes up the ac- 
tive region 24. A layer of p-Ga r yAlyAs makes up the 
second cladding layer 26, while a layer of p + GaAs 
makes up the cap layer 28. 

30 The preferred embodiment of the present inven- 

tion includes four 12nm quantum wells of Ga^ x AJ x As, 
x equal to 0.05, separated by three 6nm barriers of 
Ga, jA^As. z equal to 0.20. The active region 24 has 
a thickness of about 66nm. Metallic films 30 and 32 

35 make up a set of electrical contacts to the hetero- 
structure 10. These films can be made from any suit- 
able materials. 

Fig. 2 is a top view of a preferred embodiment of 
the present invention, illustrating an integrated sem- 

4i) iconductor laser heterostructure 10 and an integrated 
semiconductor optical amplifier part 10'. Heterostruc- 
ture 10, corresponding to the laser, and heterostruc- 
ture 10', corresponding to the amplifier, are integrat- 
ed and, except for the differences identified below, 

45 are virtually identical. The heterostructure 10 pro- 
vides a distributed feedback (DFB) or distributed 
Bragg reflector (DBR) laser operable by application of 
a particular bias voltage to the upper contact 30, to 
produce a population inversion of carriers in the ac- 

5i) tive region 24 of the heterostructure 10. Sufficient 
pumping produces an output beam of coherent radi- 
ation having particular characteristics, such as modal 
characteristics, established by structural elements of 
the heterostructure 10. 

w Inteqrated with the laser is an amplifier hetero- 

structure 10'. A boundary 33 separates the upper 
contact 30' of the heterostructure 10' from the upper 
contact 30 of the heterostructure 10. The boundary 
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33 allows, if desired, a second particular bias, differ- 
ent from the particular bias of the heterostructure 10, 
to control operation of the amplifier, separate from the 
laser. As indicated in Fig. 2, the optical waveguide 36 
maintains a relatively constant width t over the length 
of the laser. This provides a suitable resonance cavity 
for the laser. The width of the optical waveguide 36' 
has a varying width W,. The width W ( expands to 
match the shape of the emitted radiation through the 
amplifier. Semiconductor lasers have a relatively 
large divergence angle, thus the width W| varies sig- 
nificantly along the length of the amplifier. The opti- 
cal waveguides can be formed by layer disordering as 
described in US-A-4, 870,652. Portions of the cap lay- 
er outside waveguides 36' and 36 are made electrical- 
ly resistive, for example by proton bombardment, in 
order to confine the carriers to only regions 36' and 
36. 

Fig. 3A is an enlarged view of a profile of the in- 
tegrated semiconductor amplifier 10', illustrating a 
mask layer 40 interposed between an upper contact 
30' of the amplifier and the active layer 24. A prefer- 
red embodiment is to make this pattern in cap layer 
28 and a portion of the dadding layer 26 with proton 
bombardment to create high resistivity regions. The 
profile of Fig. 3A is taken at an arbitrary point along 
the amplifier length for a waveguide 36' width W,. The 
purpose of t he mask layer 40 is to shape a lateral gain 
profile of the active region 24 of the heterostructure 
10' for the laser radiation as it propagates through the 
amplifier. In the preferred embodiment of the present 
invention, an injected current through the upper con- 
tact 30' and masklayer40 shapes the lateral gain pro- 
file to match a modal shape of the laser radiation as 
it expands in the amplifier. This mask layer 40' shape 
takes into account the index of refraction and a gain 
profile of the amplifier. The preferred embodiment of 
the present invention provides a smooth transition 
(lacking discontinuities) from the laser waveguide 36 
to the amplifier waveguide 36'. Any discontinuities 
could lead to undesirable reflections from modal mis- 
match. The patterned cap layer 28 may be of any suit- 
able configuration to control local current density and 
to vary that density across the width of the expanding 
laser beam. 

Fig. 3B is a top view of one preferred embodiment 
for the mask layer 40 or t he patterned cap layer 28 us- 
ing a plurality of open dots of varying size and density 
to control the carrier density in the active region 24 
of the amplifier. 

Etching the p + GaAs cap layer 28 with suitable 
reagents, such as for example, H ; S0 4 .FLO ; ;FLO::1 : 
8:40. to produce a pattern similar to that of Fig. 3B 
provides an alternative mechanism for spatial tailor- 
ing of carriers in the amplifier sect'on The pattern of 
Fig. 3B is however, not shown shaped to match the 
expanding beam in the amplifier, but is only a sche- 
matic representation of the pattern prior to the shap- 



ing required for beam expansion. The optical wave- 
guide 36', also matching the expanding profile of the 
laser beam in the amplifier, underlies this mask layer 
40. In this preferred embodiment, the metal of the 
5 contact layer 30' forms an injecting ohmic contact to 
the cap layer 28, where the cap layer 28 has not been 
etched away. In those areas where the cap layer 28 
has been etched away, the metal of the contact 30' 
forms a Schottky blocking contact to the cladding lay- 
to er 26. The spatial tailoring of the gain of the active re- 
gion resulting from a varying injection density in- 
creases from left to right as viewed until the midpoint 
of the mask layer 40, at which point it falls off again. 
This peak in the gain profile coincides with the am- 
is plitude maxima of the TE 0 , 0 wave as it propagates and 
expands in the amplifier. 

Fig. 3C is another embodiment for a mask layer 
40' of the present invention. Etching or proton bom- 
barding the cap layer 28 to produce the mask layer 
20 40' will also produce a spatially varying gain profile 
across the width of the amplifier. This particular gain 
profile, like the profile produced by the mask layer 40 
of Fig. 3B matches a fundamental mode of the laser 
beam as it propagates through the amplifier part. 
?5 Note that in Fig. 3C, unlike Fig. 3B, the mask Iayer40' 
is shown conforming to the profile of the expanding 
laser beam of the amplifier. It is also possible to form 
the upper contact 30' to correspond to the patterns il- 
lustrated for the mask layers in Fig. 3B and Fig. 3C 
30 without etching the cap layer 28. The thickness of the 
cap layer 28 and the cladding layer 26 contributes to 
a smoothing of the final gain profile effected in the 
active region of the amplifier. Other mask patterns 
are possible to control carrier density. 
35 One example of this method was demonstrated 

by Lindsey, et al. in TAILORED-GAIN BROAD-AREA 
SEMICONDUCTOR LASER WITH SINGLE-LOBED 
DIFFRACTION-LIMITED FAR-FIELD PATTERN, 
Electronics Letters, Vol. 21, No. 16, pg 671. (August 
40 1 985). 

Another preferred embodiment of the present in- 
vention employs variably spaced and sized striped 
contacts running parallel to contours of the expanding 
mode as illustrated in Fig. 3C, for example. Other con- 

45 tact patterns are possible to control carrier density. 

Figs. 4A-4C are graphs illustrating particular 
phenomena relative to the active region 24 of the am- 
plifier Fig. 4A is a graph of a TE 0 0 fundamental wave 
emitted by the active region 24 of the heterostructure 

50 10, showing amplitude versus spatial position at a 
particular cross-sectional area of the amplifier 10' 
having waveguide 36' with a width W, Many uses of 
the semiconductor laser require emission and ampli- 
fication of the TE 0 ,o fundamental mode to maximize 

55 power and efficiency. This fundamental mode has an 
amplitude maximum in a mtoaie of :he laser beam, 
with amplitudes decreasing to minima at the beam 
edges 
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Fig. 4B is a graph, corresponding to the graph of 
Fig. 4A, approximately illustrating a concentration of 
electrons or holes in the active region 24 of the am- 
plifier 10' under the upper contact 30' versus spatial 
position for an amplifier 10' without the mask layer 
40. The electron or hole density is uniform across the 
width of the amplifier in the absence of lateral gain 
profile shaping. The concentration of the electrons or 
holes directly correspond to the gain because it is 
these carriers which recombine by stimulated emis- 
sion to amplify the laser beam as it propagates 
through the active region 24 of the amplifier. This par- 
ticular gain profile of Fig. 4B is inefficient and leads 
to modal distortion of the propagating laser beam be- 
cause it does not match the shape of the expanding 
gaussian-like mode, especially as Wj increases. 

Fig. 4C is a graph, corresponding to the graph of 
Fig. 4A, illustrating a concentration of carriers (elec- 
trons or holes) in active region 24 of the amplifier 10' 
under the upper contact 30' versus a spatial position 
for the amplifier 1 0' having the mask layer 40. In Fig. 
4C, the desired carrier density, which corresponds to 
the tailored gain profile, matches the desired mode of 
the laser beam which, in the preferred embodiment of 
the present invention, is the shape of the beam illu 
strated in Fig. 4A. The present invention is not limited 
to tailoring to match the fundamental mode. If some 
other mode were desired, the amplitude maxima and 
minima in a lateral direction across the amplifier could 
be shaped by appropriate control over the carrier den- 
sity injected into particular portions of the amplifier. 

Fig. 5 is a top view of a preferred embodiment of 
the present invention illustrating a laser heterostruc- 
ture 10 and an amplifier heterostructure 10' with an 
output lens 50 integrated with the amplifier hetero- 
structure 1 0' for collimating an output beam. Collima- 
tion of the output laser beam results from shaping an 
output surface of the amplifier heterostructure 10' to 
have a focal point f. By placement of an output plane 
of the laser heterostructure 10 at the focal point f (i.e. 
the length of the amplifier heterostructure approxi- 
mately equals the focal length) collimation results. 
Generally speaking, providing the amplifier hetero- 
structure 10' having an output lens with a radius of 
curvature R equal to (n-n')/n * f, where n is the index 
of refraction of the amplifier heterostructure and n' is 
the index of refraction of the medium into which the 
amplifier heterostructure 10' emits the laser radia- 
tion. For example, for collimation into air from GaAs. 
R is about equal to 0.72 times the focal length. 

Fig. 6 is a top view of an embodiment of the pres- 
ent invention illustrating a laser 10 and an integrated 
amplifier 10' with an output lens 50' integrated with 
the amplifier 10' for focusing an output beam. In Ftg. 
6, the output SO' provides a magnified image of 
the output laser plane at the virtual boundary 34. For 
example, positioning the output plane at (n + n') * f fo- 
cuses t he output plane image as shown in Fig. 6, such 



that the object and image distances are equal. As the 
theoretical magnification is less than 1, coherent 
wave propagation principles should be used to calcu- 
late the spot size. For a GaAs device having a focal 

5 length about equal to SOO^m, the radius of curvature 
of the output lens 50' is about 360^im. This configur- 
ation provides an image distance equal to the object 
distance, both about 640^m. 

Other shapes and configurations for an outlet 

10 lens integrated into an output of the amplifier are pos- 
sible. For the output lenses of Fig. 5 and Fig. 6, etch- 
ing, using wet chemicals, reactive ions or plasmas, 
will produce a desired shape for the lens. Possible 
uses for output lenses with other shapes include cor- 

is rection for wavefront distortion from the gain medium 
of the amplifier 10'. In some instances it may be de- 
sirable to reduce reflections off the concave surface 
of the lenses. An anti-refiective coating on the lens 
will reduce these reflections. 

20 Fig. 7 is a top view of an embodiment of the pres- 

ent invention illustrating a laser 10 and an amplifier 
1 0' having an output lens 60 provided with a separate 
contact set 62 for electronically controlling focal 
length. The independently addressable uppercontact 

?5 62 provides a mechanism to vary the index of refrac- 
tion for the lens 60. Controlling the density of carriers 
injected into an active region 24 of the lens 60 varies 
the index of refraction. The configuration of the lens 
60, concave-piano, provides expected control over a 

30 focussing length of the output beam from about 30R 
to about 86R, with R being a radius of curvature of the 
concave length, and equal to 300-400pm. It may be 
necessary to increase the bandgap energy of the ac- 
tive layer 24 of the output lens 60 to avoid excessive 

35 loss in t he lens caused by excitation of electrons from 
valence to conduction band in the semiconductor ma- 
terial. Impurity induced disordering after growth, as 
described in US-A-4,802,182 or in situ laser induced 
desorption during growth, as described in US-A- 

40 4,962,057 are examples of methods to increase the 
bandgap energy, if desired. The electronically control- 
lable focal length permits dynamic correction of the 
image distance as well as modulation of a focal spot 
size. These preferred embodiments using the inte- 

45 grated lens are useful in printing applications. The 
particular configurations illustrated for the lenses in 
Fig. 5 through Fig. 7 are representative of preferred 
embodiments, but other shapes are possible. Other 
designs can provide increased control of image dis- 

5€ tance, or spot size, or both. 



Claims 

1. A method for controlling the divergence of coher- 
ent radiation emitted by a semiconductor struc- 
ture having a laser part (10) and an optical part 
(10'), the laser and optical parts having a plurality 
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of semiconductor layers (22, 24, 26, 28) disposed 
over a substrate (20), at least one of the layers of 
each part being an active region for light amplifi- 
cation and propagation under lasing conditions, 
comprising the steps of; 

integrating the laser part and the optical 
part into a monolithic structure, 

applying an electrical forward bias to the 
layers in the laser part to cause the laser part to 
emit a beam of radiation having a particular 
mode, and 

effecting a spatially varying index profile 
of the optical part to match a modal shape of the 
particular mode of the beam during expansion in 
the optical part 

2. The method of claim 1 wherein the optical part is 
an amplifier having a spatially varying gain pro- 
file. 

3. The method of daim 1 or 2, wherein the optical 
part is a transparent waveguide section. 

4. The method of any preceeding claim, further 
comprising the step of affecting the beam by 
shaping an outlet surface (50) of the optical part. 

5. A method for controlling the divergence of coher- 
ent radiation emitted by a semiconductor laser 
having a plurality of semiconductor layers dis- 
posed over a substrate, at least one of the layers 
being an active region for light amplification and 
propagation under lasing conditions, comprising 
the steps of: 

integrating an optical part (1 0') in cascade 
with a laser part (10) on a monolithic structure, 
with the output of the laser part being the input 
to the optical part; 

applying an electrical forward bias to the 
layers in the laser part to cause the laser part to 
emit a beam having a particular mode; 

expanding the beam in the optical part by 
causing the optical part to have a spatially vary- 
ing index profile matching a modal shape of the 
mode of the beam during expansion in the optical 
part, and 

modifying a wavefront of the beam by 
shaping an outlet surface (50) of the optical part, 

6. A method for shaping a gain profile in a semicon- 
ductor optical amplifier integrated with a laser, 
comprising the step of controlling the current in- 
jected into the amplifier to effect a spatially vary- 
ing gam profile to match an intensity profile of an 
expanding mode in the amplifier. 

7. The method of claim 6. wherein the controlling 
step comprises the step of shaping the size 



and/or density of windows in a mask layer (40). 

8. A monolithic semiconductor structure, compris- 
ing: 

5 a laser (10) and an amplifier (10') having 

a plurality of semiconductor layers (22, 24, 26, 28) 
disposed over a substrate (20), at least one of the 
layers of each the part being an active region for 
light amplification and propagation under lasing 

w conditions; 

means, electrically coupled to only the las- 
er, for applying an electrical forward bias to the 
layers in the laser to cause the laser to emit radi- 
ation having a particular mode, and 

15 means, electrically coupled to only the am- 

plifier, for effecting a spatially varying gain profile 
of the ampfrfier to match a modal shape of the ra- 
diation emitted by the laser during expansion in 
the amplifier. 

20 

9. The semiconductor structure of claim 8 wherein 
the amplifier includes an optical waveguide for 
adjustably controlling the modal shape during ex- 
pansion in the amplifier. 

?5 

10. The semiconductor structure of claim 8 or 9, 
wherein the particular mode is a TE 00 wave. 

11. The semiconductor structure of any of claims 8- 
30 10, wherein the desired gain profile is achieved 

by means of a contact to the amplifier having a 
plurality of open dots of size and density variation 
to control the distribution of current across the 
amplifier. 

35 

12. The semiconductor structure of any of claims 8- 
10, wherein the desired gain profile is achieved 
by means of a contact to the amplifier having a 
plurality of stripes running parallel to selected 

40 contours of the particular mode as it expands in 

the amplifier, the stripes having a width and 
spacing variation to control the distribution of cur- 
rent across the amplifier. 

45 13. The semiconductor structure as claimed in any of 
claims 8-12, comprising a lens (50) integrated 
with the outlet of the amplifier 

14. The structure as claimed in any of claims 8-13, in- 
50 eluding a mask layer (40) interactive with the am- 

plifier to shape the gain profile of the amplifier. 
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FIG. 3C. 
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